So-called unipolar 'PQS pattern' is widely accepted as a hallmark of successful catheter ablation of the left-sided atrioventricular accessory pathway. However, the unipolar nature of the electrogram and the site-dependent appearance of this characteristic pattern are poorly understood. Therefore, unipolar coronary sinus (CS) mapping was performed using a multipolar fine electrode in patients with Wolff-Parkinson-White (WPW) syndrome associated with an antegrade left-sided accessory pathway (case group) and those with a concealed left-sided accessory pathway or atrioventricular nodal reentrant tachycardia (control group) under sinus rhythm and fixed high right atrial, CS ostial, and distal pacing. In both groups, the unipolar CS atrial electrogram showed intrinsic negative deflection (initial positive followed by negative parts) with considerable variation depending on the recording site. This unipolar configuration of the atrial electrogram was not influenced by different activation sequences during pacing at various sites. The case group exhibited a unipolar 'PQS pattern' at successful ablation sites for the left lateral to anterolateral accessory pathway. However, this was not true for the left posteroseptal accessory pathway, possibly because the negative part of the atrial electrogram distorted the 'PQS pattern' as an intervening dip. In conclusion, the site-dependent variations of the unipolar CS atrial electrogram underlie the limited usefulness of the 'PQS pattern' in left posteroseptal accessory pathway localization. (Int Heart J 2005; 46: 657-667) 
associated with a left-sided atrioventricular accessory pathway. 3) To determine the appropriate ablation site of accessory pathways with antegrade conduction, Haissaguerre, et al 4) reported that the so-called 'PQS pattern' obtained by unipolar recording at the ablation site is an independent predictor of successful RF ablation. This unipolar pattern is characterized by upward P waves immediately followed by downward QS complexes with no intervening isoelectric interval. Thereafter, the usefulness of this characteristic unipolar pattern for accessory pathway localization has been reported. 5, 6) However, there is little data on whether this characteristic unipolar electrogram is a hallmark of a successful catheter ablation site of the antegrade accessory pathway wherever it exists.
Therefore, the aims of the present study were to examine the characteristics of the CS unipolar electrogram by CS mapping, and to analyze the site-dependent differences in the unipolar electrogram configuration using a multipolar CS electrode catheter.
METHODS

Patients:
This study was performed according to the Declaration of Helsinki. The study population consisted of 24 consecutive patients who were hospitalized at the Department of Internal Medicine of Kyushu University Hospital and who underwent RF catheter ablation for symptomatic reentrant supraventricular tachycardias from January, 2001 to December, 2002. Patients with an antegrade left-sided accessory pathway (n = 11) were enrolled in the case group, while patients with a concealed left-sided accessory pathway (n = 4) or atrioventricular nodal reentrant tachycardia (AVNRT; n = 9) were enrolled in the control group.
The baseline characteristics of these two groups are summarized in the Table. There were 11 males and 13 females whose ages ranged from 17 to 79 years with an average age of 45.9 ± 3.7 years. Prior to the EPS and RF catheter ablation procedures, noninvasive 12-lead electrocardiography (ECG), exercise ECG, transthoracic echocardiography, and ambulatory ECG monitoring were performed in all patients. None of the patients had structural heart diseases based on these routine examinations. Written informed consent was obtained from each patient prior to enrollment according to the Kyushu University Committee on Human Research. Electrophysiologic study: EPS was conducted as in our previous reports. 7, 8) All antiarrhythmic agents were discontinued at least 5 biologic half-lives before EPS. A routine coronary angiogram was performed in each patient prior to placement of the electrode catheters. The coronary venous phase was restored and carefully observed to examine the CS anomalies sometimes associated with WPW syndrome, 9, 10) and to delineate the gross CS anatomy. Thereafter, a fine 16-polared 11, 12) For patients with a left-sided atrioventricular accessory pathway, an ablation catheter was inserted from the right femoral artery, retrogradely advanced, and then fixed at the mitral subannular position within the left ventricle. Electrical stimulation was performed with a pulse duration of 2 msec at twice the diastolic threshold intensity via a programmable stimulator (SEC-3102, Nihon Kohden, Tokyo, Japan). In addition to the high right atrial and right ventricular fixed pacing and extrastimulation, fixed CS pacing was conducted at a rate that was faster than the sinus rhythm by about 10 bpm. Respective CS ostial and distal pacings were performed using the most proximal and distal pairs of the multipolar electrode. The CS electrogram was recorded in bipolar as well as unipolar modes. Unipolar and bipolar intracardiac electrograms were filtered at 0.05-500 Hz and 30-500 Hz, respectively. These electrograms and surface ECG were automatically digitized at a sampling rate of 1,000 samples/sec and displayed on a high-resolution video monitor at a speed of 100 to 200 mm/sec. The data were also stored on optical disks using a computer-based mapping system (CardioLab System, Prucka Center, GE Marquette Medical Systems, TX, USA) for retrieval and off-line analysis. RF catheter ablation: For patients with an antegrade left-sided accessory pathway (case group, n = 11), RF current was delivered under the submitral approach at the optimal site that showed the earliest antegrade ventricular activation or perfect unipolar 'PQS pattern', if it was obtained. Meanwhile, for all patients with a concealed accessory pathway (n = 4), RF energy was applied using the same approach as the case group at the site that showed the earliest retrograde atrial activation during fixed right ventricular pacing (n=10) or orthodromic atrioventricular reciprocating tachycardia (AVRT; n = 1). Successful ablation was defined as bidirectional conduction block of the atrioventricular accessory pathway. For patients with AVNRT (n = 9), RF energy was delivered to what was presumed to be the slow pathway area. 11, 12) RF current was applied using an RF generator (Radionic-3C, Radionics, Burlington, MA, USA) to deliver 25 to 30 W with a temperature-controlled mode and a target setting of 50-60°C for 60 seconds, unless the patient complained of pain. Data analysis: A so-called unipolar 'PQS pattern' was identified by a cardiologist who was unaware of the EPS protocol. For all subjects, the CS electrode catheter could be inserted into the peripheral anterior region of the CS lumen. According to the EPS conducted by Jackman, et al, 13) the CS lumen in the left anterior oblique (60°) view was divided into six equal segments alphabetically, termed A to F, from the distal CS terminal as shown in Figure 1A . All atrial components of the unipolar CS electrogram showed the fundamental biphasic configuration composed of initial positive and secondary negative parts. The amplitudes of these two parts were defined as a and b, and the durations as c and d ( Figure  1B ). The ratios b/a and d/c were calculated. All data are presented as the mean ± SE. Mean values of the unipolar electrogram parameters were analyzed by one-way analysis of variance (ANOVA) and P < 0.05 was considered to be statistically significant.
RESULTS
CS mapping during sinus rhythm:
Representative unipolar CS mapping of the control group is presented in Figure 1C . The unipolar electrogram shows atrial and ventricular waves with an isoelectric line existing between them ('P-QS pattern'). 4) In contrast, the unipolar electrogram for the case group ( Figure 3A majority of the recording sites. The time point that gives the maximum negative slope of intrinsic deflection theoretically corresponds to the moment of a local activation wavefront propagating through the recording site.
14,15) Thus, CS atrial activation during sinus rhythm was assumed to be earliest in the CS ostium and latest in the left lateral region. This activation sequence was confirmed by a bipolar CS electrogram (not shown). The biphasic configuration and the sequence of the intrinsic deflection of the unipolar atrial electrograms seen during sinus rhythm for the control group ( Figure 1C) were the same as those for the case group ( Figure 3A) .
As shown in Figure 2 , the ratios b/a and d/c calculated for each segment from A to F were plotted. They were not significantly different between the recording segments A, B, and C (P > 0.1), but gradually increased at the recording segments more proximal to the CS ostium toward segment F (P < 0.001). Figure 1A ). The ratios b/a and d/c were not significantly different between the recording sites A, B, and C (P > 0.1) and continuously increased at the recording sites more proximal to the CS ostium (P < 0.001). The trends for the case group (open circles) were similar to those for the control group (closed circles).
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Such a trend, which was observed for both case (open circles) and control (closed circles) groups, indicates that the biphasic configurations of the unipolar CS atrial electrograms changed gradually, as the recording segment advanced distally to the left lateral (C) to anterior (A) segment. CS mapping during pacing: A unipolar CS mapping study was conducted under fixed pacing at various sites in patients in the two groups. The activation sequence and the configuration of individual unipolar CS atrial electrograms during high right atrial pacing were the same as those during sinus rhythm. Although the artifacts of pacing at the CS ostium prohibited detailed analysis, a biphasic configuration of the unipolar CS atrial electrogram was evident with the activation sequence toward the CS distal site. For CS distal pacing, an opposite activation sequence was observed with a similar biphasic configuration of the unipolar atrial electrograms (not shown).
Analysis of the 'PQS pattern':
The relation between the so-called 'PQS pattern' and the location of the antegrade accessory pathway was analyzed for the case group. For a patient with a left anterolateral accessory pathway, the 'PQS pattern' was observed at the successful ablation site ( Figure 3A ). This unipolar pattern was persistently observed in 5 of the 7 patients with a left anterolateral to lateral accessory pathway (segments B and C). On the other hand, the 'PQS pattern' was not seen in any of the 4 patients with a left posteroseptal accessory pathway (segments E and F) as shown in Figures 3B and 4 . For unipolar CS recordings that did not exhibit the 'PQS pattern', the slope of the intrinsic negative deflection of the atrial electrogram was always greater than that of the ventricular preexcitation, forming a clear 'dip' between the P wave and QS wave. RF catheter ablation: RF ablation was successful in all patients in the control group (n = 13). In the case group (n = 11), it was also successful regardless of whether or not the 'PQS pattern' was observed. When this characteristic unipolar pattern was not obtained (n = 6), RF energy was delivered at the sites showing the earliest antegrade ventricular activation, where the accessory pathway potential was not necessarily obtained by the conventional bipolar recording. The recurrence of AVRT or AVNRT was not observed during a mean follow-up period of 43.9 ± 9.8 months without antiarrhythmic agent administration. Figure 1A . These accessory pathways were successfully ablated at the sites indicated by the arrows. The optimal ablation site was determined by the earliest antegrade ventricular activation. As in Figure 3B , the 'PQS pattern' was not obtained even at the successful ablation site.
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DISCUSSION
The major findings of the present study are 1) the atrial component of the unipolar CS electrogram consists of a biphasic configuration composed of initial positive and subsequent negative parts with varying morphologies, and 2) the socalled unipolar 'PQS pattern' in WPW syndrome is greatly dependent on the location of the left-sided accessory pathway, and does not occur when it is located in the posteroseptal area.
Unipolar CS mapping has not been extensively utilized thus far since unipolar recording is sensitive to far-field events and electric noise. However, it provides important information supplementary to the bipolar recording.
14) The biphasic configuration of the unipolar CS atrial electrogram obtained in this study was in agreement with the intrinsic negative deflection observed during myocardial surface mapping conducted experimentally by Spach, et al. 15) This biphasic pattern varied, depending on the mapping site ( Figure 2 ). The initial positive and subsequent negative parts reflect the electromotive forces of the respective upstream and downstream tissues. Therefore, the large negative part observed in the vicinity of the CS ostium (segments E and F) implies divergent excitation propagating toward the downstream LA, whereas the large positive part in the lateral to anterolateral LA (segments B and C) suggests convergent excitation propagating from the upstream LA to the recording site. 16) A recent study that examined propagation in the atria using a noncontact mapping system showed that LA excitation originates from the anterior or posterior septal site and terminates at the lateral end, 17) which is in good agreement with the findings of the present study.
The unipolar 'PQS pattern' is a single independent hallmark of successful RF ablation of the antegrade accessory pathway. [4] [5] [6] However, it is not clear whether the usefulness of this unipolar pattern is dependent on the site of the accessory pathway. Omichi, et al 18) reported on the limitation of the 'PQS pattern' for the localization of the posteroseptal accessory pathway. Such limitation may be explained by the site-specific variations in the configuration of the CS unipolar atrial electrogram. At the site of the accessory pathway, the ventricular excitation is expected to begin immediately after the intrinsic negative deflection of the atrial electrogram, when the excitation wavefront propagates the atrial side of the accessory pathway. Thus, the initial part of the recorded unipolar ventricular electrogram is in fact the sum of the negative second part of the atrial wave and the negative ventricular wave. At the lateral to anterolateral region (segments B and C), the unipolar atrial electrogram showed a relatively small negative part, thereby producing the 'PQS pattern'. On the other hand, the negative part of the unipolar atrial electrogram in the posteroseptal area (segment F) was relatively large and steep, which resulted in the clear 'dip' between the P and QS waves.
In addition to this reasoning, the anatomic relationship between the CS and the mitral annulus may be another explanation for the difference in the CS unipolar electrogram configurations between patients with anterolateral accessory pathways and posteroseptal accessory pathways. Reportedly, the CS lumen is not strictly close or parallel to the mitral annulus. Studies of cadaver hearts demonstrated that the distance between the CS and the mitral annulus was the greatest in the vicinity of the CS ostium 19) or the left posterolateral area. 20) Therefore, the 'PQS pattern' may be distorted in this area due to the significant distance between the nearest CS recording site and the accessory pathway bridging the mitral groove.
The present clinical comparative study has several limitations. First, this study investigated the usefulness and limitation of the so-called 'PQS pattern' only in the left-sided accessory pathway since systematic unipolar mapping in the tricuspid annulus was difficult. Second, only unipolar electrograms obtained from the CS were analyzed. Those recorded from the ablation catheter often did not exhibit discernable atrial potentials because the submitral RF ablation catheter positioning was not always optimal for recording atrial potentials. Finally, the limited number of patients with WPW syndrome showing an antegrade left posteroseptal accessory pathway hampered the estimation of the negative predictive value of the 'PQS pattern' for successful RF catheter ablation.
Conclusions:
The unipolar CS atrial electrogram shows intrinsic negative deflection with variations depending on the recording site, which may be one of the reasons for the limited usefulness of the 'PQS pattern' for localizing the left posteroseptal accessory pathway. The unipolar 'PQS pattern' should be interpreted carefully in consideration of site-dependent electrocardiographic and anatomic variations.
